Glutathione metabolism in normal and cystinotic fibroblasts.
Intracellular concentrations of glutathione and activities of the enzymes gamma-glutamylcysteine synthetase, glutathione synthetase, and gamma-glutamyl transpeptidase were measured in confluent cultured human fibroblasts cell lines from 14 normal cell lines and four cystinotic cell lines. gamma-Glutamyl transpeptidase had a wide range of variability while the glutathione synthetic enzymes, gamma-glutamylcysteine synthetase and glutathione synthetase, had narrower variations and also exhibited no apparent relationship to glutathione content. No differences in the activities of these enzymes were found between normal and cystinotic cells in confluent cell cultures. The activities of the above enzymes and the cell number and content of glutathione, cystine, DNA, and total protein in two normal and two cystinotic fibroblast cell lines were measured during growth. The following growth-dependency patterns were observed: (1) gamma-glutamylcysteine synthetase activity increased markedly in lag and early log phases in both normal and cystinotic cells and decreased rapidly to low confluent levels thereafter. (2) gamma-Glutamyl transpeptidase showed the same wide range of activity noted at confluency but activities decreased in the log phase of growth, a pattern also seen in cystinotic cells. (3) Glutathione synthetase activity remained relatively constant during growth of normal cells but exhibited a peak of activity during lag and early growth of cystinotic cells. (4) Comparative glutathione levels of normal and cystinotic cells were not significantly different and exhibited similar fluctuations with time. (5) The cystine content of normal and cystinotic cells unexpectedly rose to high levels in the lag phase, then decreased to 0.1 nmol 1/2 cystine/mg protein in normal cells and to 0.3 to 1.2 nmol 1/2 cystine/mg protein in cystinotic cells during the log phase. As confluency was approached, normal cell cystine remained at low levels while cystinotic cell cystine rose to characteristically high levels of 50- to 100-fold greater than normal cells at late confluency. These studies extend our understanding of the regulation of glutathione and cystine content in cultured fibroblasts and suggest that glutathione content is closely controlled throughout the cell cycle in the face of varying activities of its anabolic and catabolic enzymes.